INTRODUCTION
The secretion of gonadotropin-releasing hormone (GnRH) by GnRH neurons is vital for reproductive competence in all mammalian species. GnRH neurons are unique in that they arise from progenitor cells located outside of the central nervous system, in the olfactory placode. -10 -7 M). After incubation, the cells were extensively washed using ice-cold PBS, 0.1% BSA, solubilized in 0.5 N NaOH, and the cell-bound radioactivity was determined.
Measurements were obtained in triplicate. Cell counts routinely varied by less than 10% in each of the wells.
GnRH RIA. Immunoreactive GnRH was extracted from conditioned media of FNC-B4 cells with chilled absolute ethanol ( -20 C°), evaporated to dryness, and subjected to RIA using a commercial kit (Buhlmann Laboratories AG, Allschwil, Switzerland), as described previously by guest on http://www.jbc.org/
Downloaded from
GnRH receptor in human neuroblasts 9 (22) . Before extraction, the recovery of unlabelled GnRH added to the media was 81%. A close parallelism with the standard curve was found when serial dilution of FNC-B4 cell conditioned media or extracts of the arcuate nucleus of the rat hypothalamus were subjected to RIA. accepted as statistically significant. The computer program ALLFIT was used for the analysis of sigmoidal dose response curves (32) . The binding data were evaluated quantitatively with nonlinear least square curve fitting using the computer program LIGAND (33) . 
RESULTS

GnRH receptor (GnRH-R) expression in human FNC
Biological effects of GnRH via autocrine loop in FNC-B4 neurons. After 24 h exposure to
GnRH or buserelin (10 -7 M), FNC-B4 cells changed their polyedric shape ( Fig. 3) and acquired a spindle-shape morphology that was accompanied by increased of axons growth and actin cytoskeletal remodeling to a motile phenotype. In particular, GnRH exposure induced the development of macropinocytic structures, broad lamellae and numerous microspikes, as detected by immunofluorescence staining using antibody against actin (Fig. 4A , upper panels).
These different cell protrusions were readily visualized by staining cellular filamentous actin (Fig. 4A , lower panels). Unstimulated FNC-B4 cells showed an intense actin stress fiber network; in this assay, these cells displayed actin cytoskeletal remodeling (12±2%, n=5).
Exposure to GnRH caused various morphologies of actin-based cell deformations, i.e. actin patches, filipodia, la mellipodia, and membrane ruffles (80±3% of FNC-B4 cells, n=5, p<0.001 versus untreated cells). Cetrorelix (100 nM) was able to significantly decrease GnRH-induced modifications (22±2%, n=3, p<0.001 versus GnRH-treated cells).These changes in cell shape were parallel to a time-dependent increase (up to 24 hours) of both mRNA levels of actin ( GnRH receptor in human neuroblasts 13 markers critical for tracing cues, important for GnRH cell differentiation, we also evaluate nestin expression, commonly used to characterize developing neurons that are present in proliferating neuronal precursor cells; this molecule is usually down regulated upon differentiation (35) .
Immunofluorescence analysis using a monoclonal antibody against nestin indicated that FNC-B4 cells expressed nestin (Fig. 5, panel A (Fig. 7, panel A) . Cetrorelix (10 -7 M) was able to counteract both GnRH and buserelin effects (Fig. 7, panel A and B) . To investigate whether the Gi/o protein family was involved down-stream to receptor activity, the sensitivity of this cell line to PTX was evaluated.
Therefore, FNC-B4 cells were pre-treated with 100 ng/mL PTX for 16 hours and then stimulated with GnRH (10 -6 or 10 -7 M) or buserelin (data not shown) for 6 h. Pre-incubation with PTX significantly reduced GnRH-induced migration (n=3, *p<0.005; #p<0.05 vs SFM) (Fig. 7, panel   B ).
DISCUSSION
This study provided the first evidence that GnRH is able to induce both differentiation and migration of human olfactory GnRH-secreting neurons through a receptor-mediated mechanism. In adult life, the olfactory neurons reside within the nasal cavity and the GnRH cells dwell within the hypothalamus. During development, both the olfactory and GnRH neurons originate in the olfactory placode. Olfactory neuronal precursors divide and differentiate in the nose, where they establish central and peripheral connections responsible for transmitting chemosensory information to the brain. In the meanwhile, GnRH neuroblasts emigrate from their birthplace, the nose, and proceed along characteristic pathways to reach the hypothalamus to establish contact with the portal vessels. In humans, the olfactory epithelium has been considered unable to maintain multipotent -olfactory or neuroendocrine -stem cell populations throughout life. However, the recent discovery of neural progenitor cells in the subcortical white matter of the adult human brain indicates that postnatal neurogenesis might be a potential mechanism by which the nervous system repopulates certain neuronal lineage (36 Indeed, low GnRH concentrations stimulated cAMP production, while higher concentrations caused an increase in intracellular calcium and a lack of cAMP stimulation. This latter effect was reverted by PTX. We therefore concluded that, in FNC-B4 neuroblasts, GnRH-R is also coupled both to stimulatory and inhibitory G proteins. (46) . In this study we also showed that GnRH signaling induced growth cones extending and actin cytoskeletal remodeling to a motile cell phenotype (47) . In particular, GnRH stimulated both morphological modifications of cell shape and development of membrane ruffles, filipodia and lamellipodial extension, as well as an increase in gene and protein expression of actin.
Furthermore, increasing GnRH concentrations stimulated cell migration in a dose-dependent manner. A specific GnRH receptor antagonist blocked the migratory promoting activity of GnRH. Moreover, the fact that PTX pretreatment was able to reduce GnRH-dependent migration in a dose-dependent manner suggests that these effects were coupled to PTX-sensitive GnRH expression, the lower nestin expression might be used as a marker for distinguishing those cells that diverge from the olfactory sensory lineage, and are committed to becoming GnRH neurons. We have also hypothesized that GnRH in FNC-B4 cells might represent a specific signal for GnRH-neuroendocrine lineage differentiation and a cue for directed cell migration. A remarkable feature of olfactory neurons is that they have a half-life in the range of weeks and are replaced by new neurons that differentiate from a stem cell population present in the olfactory epithelium (55, 56) . It is interesting to note that during adult life the olfactory epithelium retains the plasticity to generate not only olfactory neurons, but also GnRH-secreting neurons. In fact,
GnRH-secreting neurons are present in the nasal epithelium of both normal human fetuses and of normosmic eugonadal adult subjects (57, 58) . We speculate that the nasal epithelium may be considered a reservoir for GnRH-secreting cells that may be activated under particular stimuli and that give rise to new neurons. Interruption of this hypothetical adult neurogenesis might account, at least in part, for the adult onset type of idiopathic hypogonadotropic hypogonadism.
Thus, the ability of GnRH to induce differentiation and migration of human olfactory neuroblasts may have important clinical implications. 
